Background: Constipation is common during opioid therapy and can compromise analgesia. Aim: The aim of this article is to determine the prevalence and clinical characteristics of opioid-induced constipation (OIC) in France. Methods: A questionnaire study was conducted in a representative sample of the French general population. Participants completed a 31-item questionnaire covering opioid use during the previous six months, and the occurrence of constipation (defined as <3 bowel movements per week, straining during defaecation, or both) during opioid treatment. Results: Data were obtained from 15,213 participants, of whom 4753 (31.2%) reported opioid use. Most analgesics (96.5%) were classified as World Health Organization step II analgesics, and the remainder were step III. The most common indications for opioids were bone or joint pain, and soft tissue pain. Overall, 414/4753 (8.7%) opioid users reported OIC while the prevalence of OIC reached 21% in case of regular or prolonged (>1 month) opioid use. Other characteristics associated with OIC included female gender, age !50 years and use of step III opioids. Only 177/414 (42.8%) participants with OIC had used medications (most commonly osmotic laxatives) to treat constipation, and satisfaction with constipation medication was moderate (mean (SD) score 7.2 (1.3) on a scale of 0-10).
Introduction
Opioid analgesics have a central place in current guidelines for the management of chronic pain of both malignant 1 and benign 2 origin, and also form a mainstay of treatment in patients with moderate-to-severe acute pain. 3 However, the use of opioids is often limited by the development of opioid-induced bowel dysfunction (OIBD) due to activation of peripheral m-opioid receptors, which leads to disturbances in gut motility and secretion, and in sphincter function. 3, 4 OIBD is characterised by diverse gastrointestinal symptoms, affecting all regions of the gastrointestinal tract, and has been reported to occur in a majority of patients taking opioids for chronic pain; in contrast to other opioid-related adverse effects, such as sedation, the development of tolerance to OIBD is rare. 5 The most common component of OIBD is opioidinduced constipation (OIC), which has been reported to occur in up to 87% of patients with chronic pain. [3] [4] [5] OIC can have a significant impact on the patient, potentially compromising effective analgesia. 6 In the Patient Reports of Opioid-Related Bothersome Effects (PROBE-1) study, OIC was the adverse effect most likely to be rated as severe, and was considered by patients to be the most bothersome. 5 In the same study, 33% of patients had reduced or discontinued treatment because of adverse effects, with 92% of these patients reporting that they had experienced more severe pain as a result. 5 Similarly, in a meta-analysis of 11 trials of an opioid therapy indicated for a chronic non-cancer pain, 24% of the patients receiving opioids discontinued treatment because of adverse effects, particularly constipation, compared with only 15% of placebo-treated patients. 7 Furthermore, OIC is associated with significant financial costs to health care providers, principally due to staffing costs. 8 Although OIC is recognised as a common complication of opioid therapy, the reported prevalence varies markedly depending on the definition used and the patient population studied. 3 Variability in the definition of constipation may partly explain the findings that OIC is often under-diagnosed in clinical practice, 9 and that health care professionals often under-estimate the severity of constipation as perceived by the patient. 10 Similarly, estimates of the prevalence of chronic constipation in the general population have varied between 2% and 27%, depending on the definition used. 4 In view of these substantial variations, the present study was undertaken to determine the prevalence of OIC defined by a low stool frequency and/or straining, in the general population in France, and the clinical characteristics of opioid users with OIC, in considering the type of opioid use, the duration of treatment and the existence or not of a pre-existing constipation. Secondary objectives were to determine the most common reasons for opioid use, and to identify unmet needs relating to the treatment of OIC.
Methods
This study was conducted between 11 March and 16 April 2014 using a representative sample of the French non-institutionalised population (19, 11 in terms of age, gender, occupational class, region and size of city of residence. The panel is refreshed regularly (one-third per year), and is audited by independent statisticians every two to three years to ensure that it remains representative of the French general population. Study participants (one per household) were selected at random by means of a Kish selection table. 12 The employment survey ('enqueˆte emploi', which supplements the global population poll) is an ongoing survey among individuals who are at least 15 years of age and stands as the most accurate and most comprehensive survey used and referenced in France. These data serve as the basis for sample structure data used by all polling companies in France.
All participants were sent a self-administered postal questionnaire (see Appendix) consisting of 31 questions covering opioid use, whatever the duration of treatment, during the previous six months and opioidrelated adverse effects, including previous experience of constipation; for participants who reported using opioids, details of the most recent use were recorded. In addition, participants reporting constipation (defined as fewer than three bowel movements per week, straining during bowel movements, or both) during opioid treatment answered questions on symptoms associated with constipation and medications used to treat constipation.
Statistical methods
The sample size was derived from a pilot feasibility study involving 2000 participants selected from the TNS-Sofres panel. The response rate in this study was 76.7%, resulting in a sample size of 1534. Of these, approximately 37% had used opioids in the previous six months, and 8.3% reported OIC. On the basis of this experience, it was assumed that a sample size of 20,000 would result in approximately 15,000 respondents, of whom 5000-6000 would be expected to be using opioids and 400-500 would have OIC.
Separate analyses were performed in patients with and without pre-existing constipation. To reduce the risk of non-response bias, participants' data were weighted (by age, gender, socioeconomic status, geographical region crossed with type and size of city/ town) according to 2013 demographic data 11 using the raking adjusted statistics method; 13 the mean weighting efficiency was 86.6%, and the maximum and minimum weightings were 4.54 and 0.35, respectively. All analyses were performed using these weighted data. Data analysis was essentially descriptive, and was conducted using SAS (version 9.1) software (SAS Institute, Cary, NC, USA).
Results
Of the 19,670 individuals surveyed, 15,262 (77.6%) returned their questionnaires, and 15,213 (77.3%) were included in the analysis; 49 questionnaires were excluded from the analysis, mainly due to insufficient completion.
Opioid use in the general population
Among the 15,213 individuals included in the analysis, 4753 (31.2%) had used opioids in the previous six months. The mean (SD) number of treatments was 1.4 (0.7): Sixty-six per cent of participants had used one medication, 23% had used two, and 11% had used three. Forty-four per cent of participants had used opioids for fewer than 15 days, while the duration of treatment exceeded three months in 32% and six months in 25%. The demographic characteristics of opioid users and non-users are presented in Table 1 . Compared with non-users, opioid users were more likely to be female (56% versus 50%, p < 0.05) and employed (60% versus 57%, p < 0.05), and were slightly younger (mean age 47.5 years versus 49.4 years, p < 0.05).
Of the 7452 opioids taken by participants, 7190 (96.5%) were classified as step II analgesics on the World Health Organization (WHO) analgesic scale, 14 and 262 (3.5%) were step III analgesics. The most common step II opioids were codeine-containing preparations, which accounted for 62% of preparations used, and tramadol-containing preparations, which accounted for 22%. For the step III analgesics, morphine or morphine sulphate both accounted for 1% of opioids, and other medications accounted for 2%.
Overall, 76% of opioids were used on an occasional basis, while 23% were used regularly (every day or almost every day). The frequency of use was unknown in 1%. The most common reasons for using opioids were joint or bone pain, which were present in 38% of users, and pain in the muscles, tendons or ligaments (36%) ( Figure 1 ): The median number of reasons for opioid use was 1.2. Compared with step II analgesics, step III analgesics were more likely to be used on a regular basis (22% versus 50%, p < 0.05) or to be in current use (25% versus 36%, p < 0.05). Similarly, compared with step II analgesics, step III medications were more likely to be taken for more than six months (25% versus 35%, p < 0.05), and were less likely to be taken for fewer than 15 days (45% versus 27%, p < 0.05).
Prevalence of OIC
Among the 4753 opioid users, 414 (8.7%) reported constipation following their most recent use; this figure corresponds to 2.7% of the general study population. However, in regular users, the prevalence of constipation reached 21%. Among the 414 participants reporting constipation, 221 (53.4%) had pre-existing constipation prior to their most recent analgesic use. Constipation worsened following analgesic use in 147 of these 221 (67%) patients. The mean (SD) delay for constipation worsening was 7.2 (8.3) days. The mean (SD) number of analgesics taken was 1.7 (0.8) in participants with pre-existing constipation and 2.0 (0.8) in participants without pre-existing constipation. Compared with participants who had not suffered from constipation before using analgesics, those constipated prior to their last analgesic treatment were more likely to have taken one pain relief medication (48% versus 37%) and to have taken two medications for constipation (23% versus 14%), and were less likely to report being highly satisfied with their constipation treatment (45% versus 50%). The median level of laxative treatment satisfaction (rated from 0 to 10, with higher values indicating greater satisfaction) in participants with pre-existing constipation was 7.0, compared with 8.0 in those without pre-existing constipation.
Compared with those without constipation, opioid users with constipation were more likely to be female, older, and non-employed ( Table 2 ). In addition, participants with OIC were more likely than nonconstipated opioid users to be taking step III medications, and were more likely to have been taking opioids for more than six months ( Table 2 ). The indications for opioid use among participants with and without constipation are shown in Figure 2 . The most common reasons for taking opioids among participants with OIC were joint or bone pain (51.2%), and pain in the muscles, tendons or ligaments (38.6%). Compared with corresponding opioid-using participants without constipation, the proportion of participants with OIC was increased (p < 0.05) in those with joint or bone pain, postoperative pain, or cancer pain ( Figure 2 ). Of the 4637 participants treated with step II analgesics, 371 (8%) suffered from constipation, whereas there were 43 (37%) sufferers of constipation among the 116 users of step III analgesics.
OIC symptoms
Symptoms reported by the 414 participants with OIC are summarised in Table 3 . Approximately 83% of participants experienced hard or very hard stool consistency, and a similar proportion reported 'severe' or 'very severe' straining during defaecation. In addition, approximately two-thirds reported intestinal bloating, of whom 42% reported a high level of discomfort as a result. The mean (SD) level of discomfort, measured on a scale of 0-10, was 6.9 (1.8) in participants using step II analgesics and 7.1 (1.8) among those using step III analgesics.
OIC symptoms had an impact on compliance with pain treatment, leading nearly one-third of participants to reduce the number of pills taken for treating pain.
Treatment of OIC
Overall, 168 of 354 (47.5%) participants taking step II opioids and reporting OIC, and 39 of 60 (65.0%) taking step III opioids and reporting OIC (p < 0.05), consulted a physician (usually a primary care physician) because of constipation following their most recent use of opioids. The mean (SD) time from onset of symptoms to consultation was shorter (p < 0.05) in participants taking step III analgesics than in those taking step II medications: 8.2 (7.0) days versus 17.0 (18.5) days, respectively.
Of the 414 participants reporting OIC, 177 (42.8%) had used medications to treat constipation. The mean (SD) number of medications used was 1.6 (1.3): Sixtyone per cent of participants had used a single medication, and 32% had used two or more (no information was available for the remaining 7%). Older or nonemployed participants were more likely to use medication to treat constipation, as were regular or current users of analgesics and participants using analgesics for more than six months (Table 4) . Similarly, participants using medication to treat constipation were significantly more likely than non-users to have experienced constipation prior to opioid treatment, and to have had worsening of constipation after taking opioids (Table 4 ). Reasons for non-use of medication for constipation are shown in Figure 3 . Among participants who did not use any medication for constipation, the most common reasons were a desire not to take further medication (47%), and beliefs that constipation would resolve spontaneously (40%) or that constipation is not a disease (35%). In participants who discontinued constipation medication (n ¼ 77), the principal reasons for discontinuation were mildness of constipation or discomfort (20%), a desire not to take additional medication (16%), and non-renewal of the prescription (13%).
Overall, 80% of the individuals treated for constipation took at least one laxative. The most commonly used preparations were osmotic laxatives, which were used by 57% of participants using constipation treatments, followed by stimulant laxatives (9%), and lubricant laxatives (4%). Bulking agents were used by 7% of participants, while enemas and herbal preparations were used by 3% each. In 77% of the cases, the medication was prescribed by a doctor, whereas over-the-counter products were used by only 23% of participants. Constipation medication was most commonly prescribed by primary care physicians (69%) and gastroenterologists (15%); in the remaining cases, the medication was prescribed by other specialists, such as gynaecologists, neurologists, oncologists or rheumatologists.
Of the 177 participants with OIC who used medication for constipation, 108 (61%) had pre-existing constipation prior to the use of analgesics (Table 4) . Of the latter, 81 (75%) experienced worsening constipation after using analgesics. By contrast, of 154 participants who did not take medication for constipation, only 69 (45%, p < 0.05 versus participants receiving constipation medication) had pre-existing constipation, and only 36 (52%, p < 0.05) of these experienced worsening constipation following analgesic use (Table 4) .
Participants' satisfaction with their constipation treatment was rated from 0 to 10. The mean (SD) level of satisfaction was 7. 2 (1.3) . Patients with pre-existing constipation prior to their most recent analgesic use were more likely than those without preexisting constipation to report mild or high levels of satisfaction (95% versus 90%), and less likely to report low levels of satisfaction (2% versus 5%).
Discussion
This study was designed to assess the prevalence of OIC in a large representative group of the French general population, and to describe the clinical characteristics of constipation according to the type of opioid users and the indications for opioid treatment. The results showed that approximately one-third of participants of all ages had used some form of analgesia, principally step II analgesics, in the previous six months, and 37% of those using step III analgesics had experienced OIC. This is a consequence of the medical practice and prescriptions as French patients are not allowed to buy over the counter even grade II opioids. The overall prevalence of constipation among opioid users in this study (8.7%) was markedly lower than in previous studies, which have reported prevalence of up to 87% in patients with chronic pain. [3] [4] [5] This lower figure presumably reflects the unselected nature of the study population, two-thirds of whom were not using any form of analgesia, and the fact that 44% of participants had used opioids for fewer than 15 days, while the duration of treatment exceeded six months in only 25%. As in previous studies, 15, 16 the prevalence of OIC tended to increase with age: Sixty-two per cent of participants who reported constipation following their last use of analgesic were aged 50 years or older. As might be anticipated, the incidence of OIC tended to increase with both analgesia step and the frequency and duration of opioid use. 5, 17 We confirmed this point with the demonstration of prevalence of OIC reaching 21% in regular users. Importantly, only 46% of analgesic medications associated with constipation were in current use when the survey was conducted. This is consistent with previous studies, which have shown that OIC is often sufficiently troublesome to cause patients to reduce analgesic doses or discontinue treatment completely. [5] [6] [7] . Indications for opioid treatment in opioid users with (n ¼ 414) and without (n ¼ 4339) constipation. a p < 0.05 versus opioid users without constipation. Table 3 . Symptoms associated with opioid-induced constipation according to the type of opioids
Step II opioids
Step III opioids In this study, we planned to analyse epidemiological data on OIC by taking into account possible preexisting constipation. More than 50% of the participants who reported constipation following opioid use had pre-existing constipation prior to their most recent analgesic usage, and two-thirds of these experienced worsening of constipation following opioid treatment. These patients tended to take more anti-constipation medications than those without pre-existing constipation (mean (SD) 1.8 (1.5) versus 1.3 (0.6)), but their median level of satisfaction with these medications was lower (7.0 versus 8.0).
Constipation was defined in this study as fewer than three bowel movements per week, straining during defaecation, or both. The use of two criteria to define constipation was intended to reduce the risk of bias resulting from the fact that no validated constipation Figure 3 . Reasons for non-use or discontinuation of medication for constipation among opioid users. n ¼ weighted/unweighted values. For patients who had stopped medication for constipation, we have given only the three main reasons of discontinuation; therefore, the overall percentage is not 100%. For the remaining patients, reasons of discontinuation were miscellaneous. scoring systems, such as the Bristol Stool Form Scale 18 or the Rome III criteria for functional constipation, 19 were used in this study. A more comprehensive definition has recently been proposed by a multidisciplinary working group, which defines OIC as 'a change from baseline bowel habits when initiating opioid therapy that is characterised by any of the following: reduced bowel movement frequency, development or worsening of straining to pass bowel movements, a sense of incomplete rectal evacuation or harder stool frequency'. 6 The mean participants' satisfaction with anti-constipation medication of 7.2 (rated from 0 to 10) reflects the problematic nature of OIC treatment. First-line laxative treatment is often unsuccessful due to the non-specific mechanism of action of these agents, which do not affect peripheral m-opioid receptors. 3, 20 Peripherally acting m-opioid receptor antagonists such as naloxegol or methylnaltrexone offer a potential approach to the management of OIC that does not compromise central analgesic effects. 4 Strengths of the present study include the large and representative population studied, and the high response rate (78%). In addition, the design of the questionnaire allowed the occurrence and symptoms of OIC to be related to the type of opioid used and to the presence or absence of pre-existing constipation. Limitations include the retrospective questionnaire design, which presents a risk of responder bias (although this has been compensated for to some extent by weighting the data according to current French population demographics), the lack of a validated questionnaire for OIC assessment and the fact that opioid users were taking opioids predominantly for non-cancer indications and in many cases for a short duration. Related to this latter point is the finding that 44% of users were taking opioids for fewer than 15 days; as the frequency of OIC is known to correlate with the duration of treatment, this might suggest that the incidence of OIC has been underestimated.
In conclusion, this study has shown that approximately one-third of a representative French population had used opioid analgesics within the six months prior to surveying, that 9% of opioid users (3% of the general population) had experienced OIC, while OIC is more frequent in regular users who are the population of interest for the development of new treatments. OIC appears to be under-treated, as only 43% had used any medication for constipation. Furthermore, participants' satisfaction with their constipation medications was only moderate.
These findings would suggest that a significant unmet need remains in the management of OIC.
